Neopterin is released from human monocyte-derived macrophages preferentially upon stimulation with the Thlcell cytokine interferon-γ. In humans, increased concentrations of neopterin in serum and urine have been found in viral infections including human immunodeficiency virus type 1, various malignant disorders, autoimmune diseases and during allograft rejection episodes. In order to find additional parameters which might influence neopterin production, serum neopterin concentrations of 1156 blood donors were compared with other parameters routinely determined in blood transfusion. There existed correlations between serum neopterin concentration and blood donors' age (Spearman's rank correlation: r s = 0.259, ρ <0.0001), arterial diastolic blood pressure (r s 0.132, ρ <0.0001) and body mass index <r s -0.084, ρ <0.01). Serum neopterin concentrations were lower in smokers compared to nonsmokers (Mann-Whitney test, ρ <0.0001). The data demonstrate that higher neopterin concentrations are associated with older age, higher diastolic blood pressure and higher body mass index, whereas lower neopterin concentrations are found in smokers compared to nonsmokers. It is assumed that immunopathogenetic pathways underlie these relationships, but the exact background of these associations still needs to be resolved.
Introduction
Neopterin, which is produced by human monocytederived macrophages upon stimulation with the Thl cell cytokine interferon-γ, is a sensitive indicator of cell-mediated immune activation (1) (2) (3) . In humans, increased concentrations of neopterin in serum and urine have been found in various malignant disorders, autoimmune diseases, during allograft rejection episodes and viral infections including human immunodeficiency virus (HIV) type 1 (4) (5) (6) (7) (8) . In 1994 additional neopterin testing of blood donations to improve safety of blood donations, became mandatory for all Austrian blood transfusion services in addition to testing for HIV-1/-2 antibodies, hepatitis C virus (HCV) antibodies, hepatitis Β virus (HBV) surface antigen, alanine aminotransferase, and Treponema pallidum antibodies (9) . In the Austrian Tyrol, approximately 900.000 voluntary blood donations have been routinely screened for elevated neopterin concentrations since 1986. A donation loss of 2 percent was tolerated (9) , when setting the cut off for neopterin concentrations to the 98 th percentile. The development of neopterin concentrations during the course of, e.g. acute virus infections is well known, but there is less data regarding the association of neopterin levels and physiological findings in a healthy population. In a recent study we tested for associations between neopterin concentrations, some additional laboratory parameters that are routinely performed on blood donations given for our institute and physiological data of blood donors which were obtained during the blood donation procedure (10) . This paper should provide a deeper insight in the results and should allow a more detailed discussion. 
Materials and Methods

Subjects
Samples of 1156 consecutive blood donors from the Austrian Tyrol, 693 males and 463 females, were collected in January 2001 (10) . Donors' age varied from 18 to 65 years (median age: 41.5 years). The questionnaire also included current smoking habits, medical conditions and use of medications. 262 of them (22.7%) were classified as smokers, the number of daily smoked cigarettes varying from 1 to 50. 56 of them (4.8 %) were under medications with antihypertensive drugs, 52 (4.5 %) had a history with antiphlogistic drugs such as acetylsalicylic acid. Blood donors' body mass was classified by body mass indices (BMI) as described earlier (11) . Accordingly, the majority of 634 (54.8%) showed normal weight (BMI 19 -25 kg/m2), whereas 509 subjects (44%) were overweight (BMI above 25 kg/m 2 ) and 13 (1.1 %) were underweight (BMI below 19 kg/m 2 ). Arterial blood pressure was measured indirectly at the upper arm according to the method of Riva Rocci. Thereby 133 individuals (11.5%) had a systolic blood pressure above 21.3 kPa (160 mmHg), 145 individuals (12.5%) had a diastolic blood pressure above 12.7 kPa (95 mmHg). Body temperature was determined from the external auditary canal using an infrared thermometer (LighTouch LTX infrared thermometer®). Hemoglobin values were gained by means of a Hemocue ß-hemoglobin data management analyzer® immediately before blood collection. Values lower than 128 g/1 hemoglobin (0.78% of the blood donors) led to exclusion from blood donation but the donor's data were included in this study.
Blood collections and measurements
Blood samples were drawn by venous puncture during the blood collection, and serum was obtained by centrifugation. All analyses were performed within one day after blood collection. Serum antibodies against HIV-1 and HIV-2, HCV and Treponema pallidum and HBV surface antigen were determined and found to be negative. Lack of viral RNA or DNA (HCV, HBV and HIV-1) was determined by PCR pool testing. Serum neopterin was measured by a commercially available ELISA (ELItest® Neopterin, BRAHMS Diagnostica, Berlin, Germany) with a sensitivity of 1 nmol/1 neopterin and an interassay coefficient of variation ranging from 3.9 to 8.2 %. Upper limits of the normal (95 111 percentiles) for neopterin concentrations depend on age ranging from 8.7 nmol/1 (19-75 years) to 13.5 nmol/1 (below 19 years) and 19.0 nmol/1 (above 75 years) as described earlier (12) . Serum cholesterol was measured enzymatically according to the principle of Stadtman using a Dade Dimension® AR autoanalyzer and commercial kits (Dade Behring, Marburg, Germany), the laboratory's reference range being below 5.2 mmol/1 (200 mg/dl). 647 individuals (56%) had a serum cholesterol concentration above this value. Alanine aminotransferase (ALT) activity was measured by a method optimized according to the criteria of the German Society of Clinical Chemistry at 25°C with a Dade Dimension® AR autoanalyzer and commercial kits (Dade Behring, Marburg, Germany). Fifteen individuals (1.3%) presented with ALT above 40 U/l, their donations were therefore excluded from transfusion according to the Austrian Guidelines for Blood Group Serology and Transfusion Medicine. Nevertheless their data were included in this study.
Statistical analysis
Correlation between variables were assessed by non-parametric Spearman's rank correlation technique, since the distributions of the observed values were partly non-Gaussian. Differences of distributions of laboratory variables among patient groups were tested for significance by the non-parametric Mann-Whitney test. The effect of the four factors age, smoking status, diastolic blood pressure and BMI on serum neopterin concentrations was assessed by a four-way analysis of variance (ANOVA). Thereby the factors age, diastolic blood pressure and BMI were dichotomized by the median of the observed distribution (median age: 41.5 years; median diastolic blood pressure: 10.9 kPa; median BMI: 24.5 kg/m 2 ), the variable smoking status was dichotomized in smokers and nonsmokers. Since variances in the sixteen subgroups formed on the basis of age, smoking status, diastolic blood pressure and BMI were different, a reciprocal transformation of neopterin concentrations was done before analysis. The success of transformation was confirmed by Bartlett's test for equal variances (test statistic=20.12; not significant) as implemented in the program GraphPad Prism (GraphPad Software, Inc., San Diego, CA). To determine whether the response of neopterin concentrations to one factor depends on the level of the second factor or the third factor or the fourth factor, the interaction terms were also tested for significance. ANOVA was calculatcd by the program BMDP2V (BMDP Statistical Software, 1990 edition, University of California Press).
Results
Of the studied individuals, 2.16 % had neopterin concentrations above 11.0 nmol/1, which excluded their donation from transfusion (10) . Correlations between the investigated variables assessed by Spearman's rank correlation coefficients are shown in Table 1 . There was a weak, but statistically highly significant con-elation of neopterin concentrations with age (p <0.0001) and with diastolic blood pressure (p <0.0001), and an inverse correlation was observed between neopterin concentrations and the number of daily smoked cigarettes (p <0.0001). Similarly, a weaker positive correlation was found between neopterin concentrations and BMI (ρ <0.01). There was no significant correlation between neopterin concentrations and serum cholesterol, serum ALT, blood hemoglobin, body temperature or systolic blood pressure (10).
As seen from Fig. 1 , serum neopterin concentrations increase with blood donors' age. Blood donors older than 41.5 years, the median of the distribution, had higher neopterin concentrations (median: 6.1 nmol/1) than those younger than 41.5 years (median 5.5 nmol/1; Mann-Whitney test, U = 128500, ρ <0.0001). In the same way (Fig. 2) patients with diastolic blood pressure above 10.9 kPa, the median of the distribution, had higher neopterin concentrations (median: 6.0 nmol/1) than those with diastolic blood pressure Diastolic blood pressure (kPa) Figure 2 . Box and Whiskers plots of neopterin concentrations of patients with different diastolic blood pressure. The box extends from the 25"' percentile to the 75"' percentile, with a horizontal line at the median (50" 1 percentile). The median neopterin concentration of the group with diastolic blood pressure above 10.9 kP is lower (p <0.0001) compared to the group with diastolic blood pressure equal or below 10.9 kPa. equal or less than 10.9 kPa (median 5.6 nmol/1; MannWhitney test, U = 146400, ρ -0.0003). Fig. 3 demonstrates that nonsmokers showed higher neopterin concentrations (median: 5.8 nmol/1) than smokers (median: 5.45 nmol/1; Mann-Whitney test, U = 95190, ρ <0.0001).
To test the relationship between serum neopterin concentrations, age, smoking status, diastolic blood pressure and BMI, the effect of age, smoking status, diastolic blood pressure and BMI on serum neopterin concentrations was calculated by four-way ANOVA. Thereby the factors age, diastolic blood pressure and BMI were dichotomized by the median of the observed distribution, the variable smoking status was dichotomized in smokers and nonsmokers. Three factors, namely age (F = 26.86; ρ <0.0001), smoking status (F = 15.08; ρ = 0.0001) and diastolic blood pressure (F --4.87; ρ = 0.0273) showed an effect on neopterin concentrations, whereas BMI did not influence significantly (F = 0.83; not significant). All the interaction terms (age vs. smoking status, age vs. diastolic blood pressure, smoking status vs. diastolic blood pressure, diastolic blood pressure vs. age vs. smoking status, ...) were statistically not significant which denotes that interactions are negligible. Therefore the variables age, smoking status and diastolic blood pressure are influencing neopterin concentrations independently (10).
Discussion
In good agreement with the hitherto studies in this field, a significant increase of neopterin concentrations with age was observed (12) (13) (14) (15) (16) and is also evident from the age dependency of the reference values (3, 12) . Possibly the higher incidence of not yet recognized developing disease processes associated with immune activation and therefore increased neopterin production in the elderly such as, e.g., arteriosclerosis (17, 18) or dementia (19) would contribute to higher reference values in the elderly. Thereby it is assumed that in some of the individuals of the reference population the pathological process has already started but is clinically not yet detectable. This would be in line with the observation made in nonagenarians in whom higher neopterin concentrations were associated with reduced residual life-span (15) . Interestingly, in this very old population higher neopterin concentrations coincided with low concentrations of antioxidant vitamin E (15). This observation supports the view that increased neopterin concentrations not only indicate immune activation but also are related to oxidative stress (20) . Oxidative stress will develop when the production of oxidizing compounds by the activated immunocompetent cells becomes overwhelming and it will contribute to diminish antioxidants. Thus, the demand for antioxidant vitamins increase especially under chronic conditions associated with immune activation and increased neopterin concentrations (21) .
Recently it was shown that in vivo, CD8 + Τ cells and, less frequently, CD4 + Τ cells may completely lose CD28 surface expression during chronic infections and with aging (22) . In vitro such CD8 + CD28null Τ cells were unable to proliferate, but produced IFN upon stimulation (23) . This phenomenon may provide another possible explanation for the increasing neopterin production with increasing age.
In agreement with an earlier study (13) , smokers showed lower neopterin concentrations than nonsmokers. Several studies have observed increased intraalveolar cytokine production (24) or increased CD4* Τ lymphocytes in smokers (25) . On the other hand, also a suppressive effect of tobacco smoke on the human immune system was reported (26) , which could explain the lower neopterin production of smokers in our study. From several studies it is evident that cigarette smokers are 50% less likely to have Parkinson's and Alzheimer's disease than age-and gender-matched nonsmokers (27) . As in Alzheimer's disease signs of an increased neopterin production are found (19) it might be speculated that cigarette smoking exerts an neuroprotective influence against the development of Alzheimer's disease by inhibiting cellular immune activation.
There was a correlation between neopterin concentrations and diastolic blood pressure of donors. About a possible connection between immune activation and increased diastolic blood pressure one can only speculate. Recently a correlation of both neopterin and the potent endothelial derived vasoconstrictive peptide endothelin-1 was reported in patients with acute cerebral ischemia (28) . Possibly, situations like, e.g., atherosclerosis (17) or infections by Helicobacter pylori (29) , which are associated with immune activation and increased neopterin production might lead via increased endothelin-1 production to vasoconstriction and thereby elevated diastolic blood pressure. And also a relationship between left ventricle functional tests and neopterin concentrations are well known from patients with congestive heart failure (30, 31) . In atherosclerosis (17) higher neopterin concentrations were associated with higher systolic blood pressure, which may be related to the rigidity of larger arteries. Recently, also effects of neopterin on cardiac performance in a Langendorff model of isolated perfused rat hearts resulting in a significant decrease in coronary flow and cardiac contractility were demonstrated (32 Oxidative stress is developing and will further diminish availability ofH4bip. Due to the deficiency of H4bip, no nitric oxide is produced but reactive oxygen species like superoxide anion are released by monocyte-derived macrophages. Moreover, superoxide anion reacts with nitric oxide, e.g. released from endothelial cells to form peroxynitrite thereby destroying the vasodilatory effect of nitric oxide.
tions not only allow to detect cell-mediated immune activation, they also allow an estimate of oxidative stress as it is emerging particularly during chronic disease states (20, 21) . An interaction between neopterin formation , the production of reactive oxygen intermediates like superoxide anion and the vasodilator nitric oxide appears plausible. In stimulated human monocyte-derived macrophages, neopterin is produced at the expense of biopterin derivatives (Fig. 4) . Therefore, due to insufficient supply with necessary cofactor 5,6,7,8-tetrahydrobiopterin, these cells might experience a deficiency to release nitric oxide (33) . Rather inducible nitric oxide synthase in human monocyte-derived macrophages will produce superoxide anion which is likely to react with nitric oxide to form peroxynitrite. Thus, also nitric oxide produced by other human cells like endothelial cells, under oxidative stress will be oxidized and loose its vasodilatory potential (Fig. 4) .
The positive correlation between neopterin concentrations and BMI found, which is not an independent one, agrees well with results of an earlier study in individuals with non-insulin-dependent diabetes mellitus (14) . Accordingly, besides other factors obesity mayresult from long-lasting even if only moderate immune activation, as is indicated by higher neopterin production.
In conclusion, several relationships were found between neopterin concentrations in blood donors and demographic and laboratory parameters. However, it has to be noted that the relative influence of these variables is much less as compared with changes of neopterin concentrations during diseases associated with immune system activation.
